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1. Introduction
   The Fabaceae (Leguminosae) is an exceptional large 
angiosperm Family. Traditionally, three subfamilies are 
recognized, of which Papilionoideae (Faboideae) is by 
far the biggest one with about 14 000 species including 
numerous ones that are economically important[1].
   The genus Psoralea (Bituminaria) is firmly entrenched 
in phytochemistry as a source of furanocoumarins, whose 
linear archetypal compound (furo[3,2-g][1] benzopyran-
7-one) was named psoralen after it. Paradoxically, the 
presence of furanocoumarins is not a main feature of 
the genus, whose pattern of secondary metabolites 
is characterized by other shikimates, especially 
isoflavonoids and meroterpenoids[2]. In Algerian flora, the 
genus Bituminaria consists of three species: Bituminaria 
bituminosa L. (B. bituminosa), Bituminaria americana 
L., and Bituminaria licata Del.[3]. B. bituminosa is 
distributed all over the Mediterranean coastal area. 
Traditionally, it is used to treat spasms and treat against 
fever and epilepsy[4].
   Previous phytochemical studies on this species 
revealed  the  presence  o f  furanocoumar ins [5-7], 
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pterocarpan[5] and the essential oil of the leaves, flowers 
and seeds[8].
2. Materials and methods
2.1. Plant material
   Aerial parts of B. bituminosa were collected from 
Maskara (Algeria) in May 2011, and the plant was 
identified by Dr. Gérard De Belair (Departement of 
Biology, Annaba University, Algeria). A voucher specimen 
was put in the herbarium of our laboratory.
2.2. Extraction and isolation
   Air dried aerial parts (800 g) of plant were extracted 
three times with boiling 70% MeOH. The extracted MeOH 
was evaporated till dryness. The residue was dissolved in 
boiled water then filtered. The filtrat was extracted with 
CH2Cl2, ethyl acetate (EtOAc) and n-BuOH successively.
   The n-BuOH extract was applied to a column of 
polyamide MN SC6 and eluted with a gradient of toluene-
MeOH with increasing polarity.
   Fractions eluted with toluene-MeOH 75-25 gave a 
white precipate, which was washed with MeOH to give 
compound 1 (130 mg). Fractions eluted with toluene-
MeOH 60-40 gave yellow precipate, which was washed 
with MeOH to give compound 2 (100 mg).
2.3. Antibacterial activity
2.3.1. Biological material
   All of the bacteria, standard strains [Escherichia coli 
ATCC 25922 (E. coli), Staphylococcus aureus ATCC 29213 
(S. aureus), Pseudomonas aeruginosa ATCC 27853 (P. 
aeruginosa)] and clinical strains [E. coli, S. aureus, P. 
aeruginosa, Proteus mirabilis (P. mirabilis), Klebsiella 
pneumoniae (K. pneumoniae), Enterobacter sp., Serratia 
sp., α emolitic streptocoque] were obtained from 
Bacteriology Laboratory Constantine University Hospital 
(C.H.U).
2.3.2. Biological test
   The extracts (CH2Cl2, EtOAc, n-BuOH) were used to 
investigate the antibacterial activity of B. bituminosa 
using the disk diffusion method[9]. The bacterial strains 
were first cultivated on Mueller-Hinton agar, with 
the exception of streptocoque (Mueller-Hinton agar 
containing 50 mL blood/L) at 37 °C for 24 h prior to seeding 
on to the nutrient agar.
   A sterile 6 mm diameter filter disk (Whatman No. 3 
filter paper) was placed on the infusion agar seed with 
bacteria, and each extract suspended in ethanol 60% was 
dropped on to each paper disk (40 µL per disk) for all the 
concentrations (2.00 mg/mL, 1.00 mg/mL, 0.50 mg/mL, 0.25 
mg/mL). The treated Petri dish was kept at 4 °C for 1 h, 
and incubated at 37 °C for 24 h. The antibacterial activity 
was assessed by measuring the zone of growth inhibition 
surrounding the disk. Each experiment was carried out in 
triplicate and the results were expressed as mean依SD.
2.4. Antioxidant activity
2.4.1. DPPH free radical-scavenging activity
   Free radical scavenging capacity of the purified 
compounds was determined with the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay[10]. The molecule DPPH is 
characterized as stable-free radical by the virtue of the 
delocalization of the spare electron over the molecule. 
This delocalization gives a rise to a deep violet colour, 
which is characterized by an absorption band in methanol 
solution centered at 515 nm with a spectrophotometer. 
This assay was conducted according to the method 
described by Brand-Williams[11] and carried out on 96 
wells microplate. The percentage of DPPH remaining was 
calculated as a function of the molar ratio of antioxidant 
to DPPH:
DPPH (%)=[(DOcontrol -DOsample)/DOcontrol]伊100
   The IC50 value (mol/L antiox)/(mol/L DPPH), which 
defined as the effective concentration of antioxidant was 
necessary to decrease the initial DPPH concentration 
by 50%[12], was calculated from the results by linear 
regression analysis. The antiradical power (ARP) was 
calculated as 1/IC50: the highest ARP is associated with 
the greatest DPPH scavenging effect. Evaluation of free 
radical-scavenging activity was performed with Trolox 
equivalent antioxidant capacity (TEAC). TEAC value is 
based on the ability of the antioxidant to scavenge the 
radical DPPH and is defined as TEAC=ARP(compound)/ARP(Trolox).
2.4.2. Antioxidant capacity by cupric ion reducing 
antioxidant capacity (CUPRAC)
   The test of CUPRAC was first described by Apak et 
al[12]. It is based on the capacity to use the copper (II)-
neocuproine reagent as the chromogenic oxidizing 
agent. This test was carried out on 96 wells microplates. 
The absorbance was measured at 450 nm using the 
spectrophotometer .  The ant ioxidant  capaci ty  o f 
compounds and extracts was evaluated as Trolox 
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equivalents (TEAC values). If the results are exposed as 
DO=f(concentration of compound in g/L), TEAC could be 
calculated as E‰(compound)/E‰(Trolox), where E‰ represents 
the slope for each curve obtained.
3. Results 
3.1. Structures elucidation
   Compound 1: daidzin (daizein 7-O-glucoside); white 
powder, UVλmax(MeOH) nm: 261-305.
   1H-NMR (500 MHz, DMSO-d6, δ in mg/L) data: 9.55 (1H, 
brs, 4’-OH), 8.45 (1H, s, 2-H), 8.05 (1H, d, J=8.8 Hz, 5-H), 
7.41 (2H, d, J=8.5 Hz, 2’-H), 7.25 (1H, d, J=2.2 Hz, 8-H), 
7.15 (1H, dd, J=8.8Hz, J=2.2 Hz, 6-H), 6.82 (2H, d, J=8.5 
Hz, 3’-H), 5.10 (1H, d, J=6.4 Hz, 1’’-H).
   13C-NMR (125 MHz, DMSO-d6, δ in mg/L) data: 153.3 (C-2), 
123.7 (C-3), 175.0 (C-4), 127.0 (C-5),115.6 (C-6), 161.3 (C-7), 
103.3 (C-8), 156.9 (C-9), 118.4 (C-10), 122.3 (C-1’), 130.0 
(C-2’), 114.9 (C-3’), 156.9 (C-4’), 99.9 (C-1’’), 72.9 (C-2’’), 
76.0 (C-3’’), 69.4 (C-4’’), 76.9 (C-5’’), 60.5 (C-6’’).
   Comparing with the reported data, the 1H-NMR and 13C-
NMR data are in agreement with those of daidzin in the 
literature[13].
   Compound 2: isoorientin (luteolin 6-C-glucoside); 
yellow powder, UVλmax(MeOH) nm: 270-350.
   1H-NMR (250 MHz, DMSO-d6, δ in mg/L) data: 13.55 (1H, 
brs, 5-OH), 7.45 (1H, dd, J=8, 1Hz, J=2.2 Hz, 6’-H), 7.42 
(1H, d, J=2.2 Hz, 2’-H), 6.89 (1H, d, J=8.1 Hz, 5’-H), 6.68 
(1H, s, 3-H), 6.48 (1H, s, 8-H), 4.59 (1H, d, J=9.8 Hz, 1’’-H).
   13C-NMR (62.5 MHz, DMSO-d6, δ in mg/L) data: 163.6 (C-2), 
102.7 (C-3), 181.8 (C-4), 160.7 (C-5), 108.9 (C-6), 163.6 (C-7), 
93.5 (C-8), 156.2 (C-9), 103.3 (C-10), 121.3 (C-1’), 113.3 
(C-2’), 145.8 (C-3’),149.9 (C-4’), 116.1 (C-5’), 118.9 (C-6’), 
73.1 (C-1’’), 70.6 (C-2’’), 79.0 (C-3’’), 70.2 (C-4’’), 81.6 
(C-5’’), 61.5 (C-6’’). 
   Comparing with the reported data, the 1H-NMR and 13C-
NMR data are in agreement with those of isoorientin in the 
literature[14].
3.2. Antibacterial activity
   The diffusion test was applied to 12 Gram-positive (S. 
aureus ATCC 29213, S. aureus, α emolitic streptocoque) and 
Gram-negative (E. coliATCC 25922, E. coli, P. aeruginosa 
ATCC 27853, P. aeruginosa, P. mirabilis, K. pneumoniae, 
Enterobacter sp. and Serratia sp.) microorganisms. The 
control treatment (ethanol 60%) had no inhibitory effect 
on any of the tested microorganisms. The results of these 
tests are presented in Tables 1, 2 and 3.
Table 1
Antibacterial activity of the extract CH2Cl2.
Microorganisms CH2Cl2 Control
2 mg/mL 1 mg/mL 0.5 mg/mL 0.25 mg/mL
E. coli ATCC 25922 15.74依0.50 15.17依0.50 14.47依0.40 14.90依0.50 -
S. aureus ATCC 29213 20.45依1.30 18.03依1.10 15.83依1.20 14.38依1.20 -
P. aeruginosa ATCC 27853 13.64依0.70 12.60依0.10 12.24依0.70 12.50依1.10 -
E. coli 14.46依0.00 13.03依0.80 13.04依0.70 12.36依0.90 -
S. aureus 12.76依1.70 11.31依1.70 11.49依1.40 11.18依1.00 -
P. aeruginosa 12.21依1.90 14.05依2.20 12.09依0.50 10.90依1.10 -
P. mirabilis 12.89依1.50 11.64依1.90 13.24依2.00 13.01依1.80 -
K. pneumoniae 16.41依0.80 14.73依0.50 14.24依0.40 14.54依0.70 -
Enterobacter sp. 14.51依0.50 13.06依0.40 14.00依1.60 13.05依1.10 -
Serratia sp. 13.63依1.80 13.64依2.40 14.93依0.40 14.41依0.70 -
α emolitic streptocoque 12.18依2.20 - - - -
Table 2
Antibacterial activity of the extract EtOAc.
Microorganisms EtOAc Control
2 mg/mL 1 mg/mL 0.5 mg/mL 0.25 mg/mL
E. coli ATCC 25922 12.25依1.00 13.17依1.50 13.55依0.60 13.08依1.00 -
S. aureusATCC 29213 11.88依0.80 11.11依0.70 10.73依1.10 11.57依0.20 -
P. aeruginosa ATCC 27853 11.32依1.60 12.24依1.40 11.57依2.00 12.16依0.30 -
E. coli 13.03依1.80 13.35依1.10 12.26依1.40 11.53依0.80 -
S. aureus 10.31依2.50 11.22依1.90 10.98依1.90 10.06依0.70 -
P. aeruginosa 11.45依0.60 12.26依1.00 10.78依0.80 11.36依0.70 -
P. mirabilis 12.20依1.50 11.72依1.10 11.69依1.70 10.68依1.60 -
K. pneumonia 12.35依1.40 13.69依0.90 13.26依1.30 11.39依1.00 -
Enterobacter sp. 14.05依1.80 12.88依2.20 11.40依0.30 10.86依0.60 -
Serratia sp. 11.35依1.40  9.74依0.50 12.31依1.60 13.46依0.20 -
α emolitic streptocoque - - - - -
3.3. Antioxidant activity
   The antioxidant activity of the n-BuOH extract of B. 
bituminosa was evaluated through the ability to scavenge 
DPPH and the capacity to reduce the cupric ion. The 
results are presented in Table 4.
Table 3
Antibacterial activity of the extract n-BuOH.
Microorganisms n-BuOH Control
2 mg/mL 1 mg/mL 0.5 mg/mL 0.25 mg/mL
E. coli ATCC 25922 9.68依1.40 9.17依1.10 8.38依0.70 8.23依0.70 -
S. aureus ATCC 29213 - - - - -
P. aeruginosa ATCC 27853 6.81依2.20 6.76依1.80 - - -
E. coli 8.20依1.70 7.09依2.70 6.62依2.10 7.21依1.00 -
S. aureus - - - - -
P. aeruginosa - - - - -
P. mirabilis 11.70依1.30 9.80依1.40 8.78依1.00 9.13依0.80 -
K. pneumoniae 11.04依1.30 9.54依1.20 8.43依1.20 8.07依2.40 -
Enterobacter sp. 12.28依0.90 8.93依1.70 8.55依1.70 8.91依1.70 -
Serratia sp.  7.45依2.20 8.30依1.20 7.46依1.30 7.15依1.40 -
α emolitic streptocoque - - - - -
Table 4
Antioxidant activity of n-BuOH extract.
Extract DPPH CUPRAC
IC50(µg/mL) ARP TEAC E% (L/g/cm) TEAC
Trolox 0.10 9.43 - 0.07 -
n-BuOH 0.26 3.84 0.40 0.10 1.42
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4. Discussion
4.1. Antibacterial activity
   The CH2Cl2 extract showed a good activity against 
S. aureus ATCC 29213 (20.45 mm), K. pneumoniae (16.41 
mm) and E. coli ATCC 25922 (15.74 mm) with high 
concentration of 2 mg/mL. The other strains showed an 
inhibition zone varied from 12 mm to 14 mm.
   EtOAc has an activity against Enterobacter sp., E. 
coli, K. pneumoniae, E. coli ATCC 25922 and P. mirabilis 
(14.05 mm, 13.03 mm, 12.35 mm, 12.25 mm and 12.20 mm 
inhibition zone respectively) with high concentration of 
2 mg/mL, whereas there is no activity against α emolitic 
streptocoque.
   The n-BuOH extract has no activity against S. aureus 
ATCC 29213, S. aureus, P. aeruginosa and α emolitic 
streptocoque, although the potency of the extract 
against the other strains showed an inhibition zone 
varied from 6 mm to 12 mm with higher concentration of 
2 mg/mL.
   Among the tested extracts, the CH2Cl2 extract was 
more effective than the other extracts.
4.2. Antioxidant activity
   The antioxidant capacity of the n-BuOH extract 
was nearly equivalent than Trolox towards CUPRAC 
(TEACCUPRAC=1.42). Whereas that extract presents a weak 
radical scavenging activity toward DPPH comparing to 
Trolox (TEACDPPH=0.40).
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